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© HIV protease Inhibitors useful for the treatment of aids. 

@ Compounds of the form, 
A-G-B-B-J 

wherein A Is an amine protecting group not usefufor commonly 
employed in peptide synthesis, G a dlpeptlde Isostere, B an 
amino add or analog thereof, and J a small terminal group are 
described. These compounds are useful In the Inhibition of HIV 
protease, the prevention or treatment of Infection by HIV and 
the treatment of AIDS, either as compounds, pharmaceuticalry 
acceptable salts, pharmaceutical composition Ingredients, 
whether or not In combination with other enterals, Immuno- 
modutators. antibiotics or vaccines. Methods of treating AIDS 
and methods of preventing or treating Infection by HIV are also 
described. 
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Description 



HIV PROTEASE INHIBITORS USEFUL FOR THE TREATMENT OF AIDS 



The present Invention is concerned with compounds which Inhibit the protease encoded by human 
Immunodeficiency virus (HIV) or pharrnaceutlcatty acceptable salts thereof and are of value In the prevention of 
5 Infection by HIV, treatment of Infection by HIV and the treatment of the resulting acquired Immune deficiency 
syndrome (AIDS). It also relates to pharmaceutical compositions containing the compounds and to a method 
of use of the present compounds and other agents for the treatment of AIDS. 

BACKGROUND OF THE INVENTION 

10 A retrovirus designated human Immunodeficiency v|rus (HIV) is the etiological agent of the complex disease 
that includes progressive destruction of the Immune system (acquired Immune deficiency syndrome; AIDS) 
and degeneration of the central and peripheral nervous system. This virus was previously known as LAV, 
HTLV-III, or ARV. A common feature of retrovirus replication Is the extensive post-translational processing or 
precursor polyproteins by a virally encoded protease to generate mature viral proteins required for virus 

15 assembly and function. Interruption of this processing appears to prevent the production of normally 
infectious virus. For example, Crawford. S. etal., J. Virol., 53. 899,1985, demonstrated that genetic deletion 
mutations of the protease in murine leukemia virus which prevent processing of precursor structural proteins 
results In non-Infectious viral particles. Unprocessed structural proteins also have been observed In clones of 
non-infectious HIV strains Isolated from human patients. These results suggest that Inhibition of the HIV 

20 protease represents a viable method for the treatment of AIDS or the prevention of Infection by HIV. 

Nucleotide sequencing of HIV shows the presence of a pol gene In one open reading frame [Ratner, L etal.. 
Nature, 313. 277(1985)]. Amino acid sequence homology provides evidence that the pol sequence encodes 
* reverse transcriptase, an endonuclease and an HIV protease [Ton, H. etal., EMBO J. 4, 1267(1985); Power, 
M.D. etal., Science, 231, 1567(1986); Pearl, LH. etal. Nature 329. 351 (1987)]. Applicants demonstrate that the 

25 compounds of this Invention are Inhibitors of HIV protease. 

BRIEF DESCRIPTION OF THE INVENTION _ f 

Compounds of formula I, as herein defined, are disclosed. These compounds are useful In the Inhibition of 
HfV protease, the prevention of Infection by HIV, the treatment of Infection by HIV and In the treatment of AIDS, 
30 either as compounds, pharmaceutical^ acceptable salts, pharmaceutical composition Ingredients, whether or 
not In combination with other antMrals, Immunomodulators. antibiotics or vaccines. Methods of treating AIDS 
and methods of preventing or treating Infection by HIV are also disclosed 
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ABBREVIATIONS 
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Lys 
55 Met 
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Cys 
Gly 
His 



Leu 



Ala 
Arg 



Designation 



Cal (Cha) 



He 



Amino Acid/Residue 
D- or L-alanine 
D- or L-arginine 
B-cyclohexylalanine 
D- or L-cysteine 
glycine 

D- or L-histidine 

L-isoleucine 

D- or L-leucine 

D- or L- lysine 

D- or L-methionine 



60 
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PesignfrUon Amino Acid /Residue 

Nle L-norleucine 

Nva L-nor valine 

Orn D- or L-ornithine 

Ph phenyl 

phe D- or L-phenylalanine 

Pro D- or L-proline 

Sar sar cosine (N-methylglycine) 

Ser 1 D- or L-serine 

Sta statine, (3S, 4S)-4-amino-3- 

hydroxy-6-methylheptanoic 

acid . '* 

Thr D- or L-threonine 

Trp D- or L-tryptophan 

Tyr D- or L-tyrosine M:^ 

Val L-valine 

Protecting fir^p 
BOC (Boc) t-butyloxycarbonyl 
B 0M benzyloxymethyl 
CBZ (Cbz) benzyloxycarbonyl(carbo- 

benzoxy) 

D NP 2,4-dinitrophenyl 
I£0C isopropoxycarbonyl 
0Me methyl ether (methoxy), 

except when it immediately 

follows an amino acid residue ; 

abbreviation and it yj;^. 

represents methyl ester. 
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Designation 
OEt 



TBDMS-C1 



Reagent 

ethoxy, except when it 
immediately follows an amino 
acid residue abbreviation and 
it represents ethyl ester 
Jt-butyldimethylsilyl chloride 



HBT(HOBT) 
OMs 



'Activating group 
1-hydroxybenzotriazole hydrate 
methane sulfonyloxy 



DCCI (DCC) 
DPPA 



Condensing Agent 

d i cyclohexylcar bod i imi d e 

diphenylphosphorylazide 



(BOC) 2 0 

DEAD 

MCPBA 

TEA 

TFA 



di-t-butyl dicarbonate 
diethyl azodicarboxylate 
3-chloropenoxybenzoic acid 
triethylamine * 
trif luoroacetic acid 



BOP reagent 



B0P-C1 
DSO 



i gents 

benzotriazol-l-yloxytris- 
( d ime t hyl-ami no ) pho s- 
phonium hexaf luoro- 
phosphate 

b i s ( 2-OXO-3 -oxazol i d inyl ) 
phosphinic chloride 
N.N'-disuccinimidyl 
oxalate 



Pes i gnat ion 

EDC 



Reagent 

l-e thyl-3- ( 3-d ime thyl- 
aminopr opy 1 ) carbod i imid e 
hydrochloride 
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DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

This Invention Is concerned with the use of Compounds of Formula I, combinations thereof, or 
pharmaceutical^ acceptable salts thereof, In the Inhibition of HIV protease, the prevention of Infection by HIV, 
the treatment of Infection by HIV and In the treatment of the resulting acquired Immune deficiency syndrome 
(AIDS). Compounds of Formula 1 are defined as follows: 5 
A-G-B-B^J I, 
wherein A Is 
D 

o 

Ri-c! - wherein R 1 Is 10 
a) Ci-e alkyl either unsubstituted or substituted with one or more of 
1) Ci-4 alkyl; 
li) hydroxy; 

HI) caruoxy; , 

Iv) halo wherein halo Is F, CI, Br. or I; except no halo on carbon adjacent to carbonyl; 15 
v) amino; 

vl) C1-3 alkoxycarbonyl; 
vli) C1-3 alkoxy; 

vflf) -CONRW wherein R 2 and R 3 are the same or different and are hydrogen. Ci-e alkyl or Ci-s alkoxyalkyl or 

joined together either directly to form a 6-7 membered heterocycle such as pynrolldlnyl or plperidyl, or through 20 

a heteroatom selected from N, 0, and S, to form a 6-membered heterocycle with the nitrogen to which they are 

attached such as morpholinyl, plperazlnyl, or N-C1-3 alkylplperazinyl; 

Ix> -NR2R 3 ; 

x) -P-R 4 wherein, 

r 25 
R Is hydrogen or C1-4 alkyl, 
P Is 

0 S 0 NR 

II II II II & 

-C-, -C- t -S-, -C-, 
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and 



35 

R 4 Is H, Ci-a alkyl. C1-4 alkoxy, or NR 2 R 3 ; 
xl) C3-7 cycloalkyl or Ce-10 aryl; 

xli) 5 or 6 membered heterocycle, unsubstituted or substituted with -OH, NH, or C1-4 alkyl; or 
xiii) aryl of 6-10 carbon atoms, either unsubstituted or substituted with one or more of 

(a) halo. 40 

(b) hydroxy, 

(c) C1-3 alkoxy, 

(d) Ct-3 aikyl. 

(e) -NR2, wherein R Is defined above, 

(f) 45 
0 

-c-OR, 
(g) 

Xnr 2 . * 50 

(h) -SO2NR2. 

(i) -CH 2 NR 2 , 
(1) 



J 65 
-N-C-R, 
I 
R 

or ' 60 

(k) -n -SO2R; 

R 

xiv) -0S1R3(R2) 2 ; 

b) aryl of 6-10 carbon atoms, either unsubstituted or substituted with one or more of 
I) C1-4 alkyl, 
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H) C1-3 alkoxy, 
Hi) hydroxy, or 
fv) halo; . 
v) -NR 2 ; 
5 vJ) 
0 

-C OR, 
vfl) 
0 

10 -CNR2. . 

vflO -SO2NR2. 
be) -CH 2 NR 2i 

x) -NRCOR, or ' 
xO -NRS0 2 R; 

15 c) 5 or 6 membered heterocycle as defined below; 
2) R 1 -S02-, except R* Is not aryl, 
3) 

20 r1-N-S0 2 -. 
R 5 



25 



30 



35 



40 



wherein 

R 5 is H or C1-5 alkyf or Joined together with R 1 either directly to form 5-7 membered heterocycle such as 
pyrrolidinyl or piperidinyl, or through a heteroatom selected from N f O, and S ( to form a 6-membered 
heterocycle with the nitrogen to which they are attached such as morphoflnyl, plperazlnyl, or N-C1-3 alkyl- 
plperazinyl; 
4) 

0 

rI-N-C-; 

5) 

0 

Ri^S-C-; 

6) (R 1 *), wherein q is 1 or 2. 
G is 



45 



H 
I 



Z 

ii 



YY 



or 



,12 



H R o 



50 wherein 2 Is O, S, or HH, and 
R 9 Is independently 
1) hydrogen; 
2) 



55 



60 




3) -OR, wherein R Is H, or C1-4 alky! 

4) -NR 2( 

5) Ch alkylene-R"; 

wherein n Is 0-5 and R« Is Independently 
65 a) hydrogen. 



6 



EP 0 356223 A2 



b) hydroxy, or 

c) Ct-4-alkyl; 
R 11 Is 

a) hydrogen 

b) aryl, unsubstituted or substituted with one or more of 

I) halo, 

II) hydroxy, 

mj -NH2. -N0 2 , -NHR, or -NR 2 , 

wherein R is 

H ( or C1-4 alkyl, 

lv) alkyl, 

v) Ci-a alkoxy, 

vl) -COOR, 

vfl) I 
0 

-CNR 2 , 

v«0 -CH 2 NR 2l 

lx) 

0 

-CH 2 NHCR, 

x) CN, 

xi) CF 3 , 
xli) 

0 

-NHCR, 

xlil) aryl C1-3 alkoxy, 

xlv) aryl, 

xv) -NRSOzR, 

xvl) -OP(0)(OR x )2 wherein R x Is H or aryl, or 
xvtl) 

0 
n 

-O- c -C1-4 alkyl substituted with one or more of amine or quaternary amine; 

c) 5 or 6 membered heterocycle Including up to 3 heteroatoms selected from N ( O, and S, such as Imldazolyl, 
thiazolyl, fury!, oxazolyl, plperidyl, thiadlazoryl, plperazlnyl, pyridyl, or pyrazlnyl, any of which heterocycle may 
be unsubstituted or substituted with one or more of 
I) halo, 
li) hydroxy, 

fii) -NH 2 , -NHR, -NR 2 , 
lv) C1-4 alkyl, 
v) C1-3 alkoxy, 
vl) -COOR. 
vii) 
0 

--CNR2, 

viii) -CH2NR2. 

Ix) 

-nhIr, 

x) -CN, 
xl).CF 3 . 
xli) -NHSOaR. 

xili) -OP(0)(ORJ 2 wherein Rx Is H or aryl, or 
xlv) 

0 

-O-C-C1-4 alkyl substituted with one or more pf amine or quaternary amine; 
d) C1-6 alkyl or Ci-e afkenyl, unsubstituted or substituted with one or more of 

I) hydroxy, 

II) C1-4 alkyl, 

III) -NH 2i -NHR, -NR 2 . 

Iv) . 

NE 

-NHch , 
v) 

HH 

-NH- NH 2 , 
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vl) -COOH, 
vfl) 

0 

-COR. 

vtfl) -SR. or arylthlo 
be) -S0 2 NHR, 

x) Ci-4 alkyl sulfonyl amino or aryl sulfonyl amino, 
xl) -CONHR. 
xfl) 

-nh?r, 

xfil) -OR, 

xiv) aryl C1-3 alkoxy or, 1 

xv) aryl; 

r5 e) G3-7 cydoalkyl unsubsfituted or substituted with one or more of 
i) hydroxy, 
fl) Cwalkyl, 
10) -NH 2f -NHR, -NHR2, 
hr) 

so m 

-NH- ch, * 
v) 

NH 

-NH- c- NH 2| 
25 vO -COOH, 
vii) 
0 

-C-OR, 

vni)-SR. 

30 be) -SO2NH2. 

x) alkyl sulfonylamlno or aryl sulfonylamlno. 

xl) -CONHR, or 

xfl) 

0 

-NH C R; 



I?/ 7 " *? carbocycllc ring which Is either saturated or 



being unsubstltuted or substituted with one or more of 
I) halo 

40 «) -OR, wherein R Is H or C1-4 alkyl. 
SI) J 

.?.< 



45 0 
fl 



£or. 

iv) 



CNR 2 . 
v) -CH2NR2. 

vO -SO2NR2 or -S(0) y R wherein y Is 0,t or 2. 
vii) -NR2, 

0 



-NHCR. 
be) C1-4 alkyl, 
x) phenyl. 
55 xl) -CF 3 , or 
xii) 
& 

-K-SO2R; 



69 



RiiT^^ cyctoalkyt; or benzoplpeddlnyl; 

H« Is -OH or -NHR", wherein R" | s -h, 

- cH, -Ci-4-atkyl or -COOR; and 
©Is 

55 2 C^aS5 l0aIkyf ' e " her unsubstituted or substituted with one or more of 
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b) hydroxy, 

c) -NR 2 , 

d) -COOR, 

e) CONHR. 

f) -NHSO2R. 
9) 

• 0 
-NHCR. 
h) aryl, 

1) aryl substituted with Cm alkyl, 
J) heterocycle, or 

k) heterocycle substituted with Ch alkyl; 

2) phenyl either unsubstituted or substituted with one or more of 

a) hydroxy, | 

b) -OR. 

c) -NHR« 

d) -COOR. 
e) 

-InR 2 . or * 
0 

-NHCR; 

3) 5 to 7-membered heterocycle such as imldazolyl, thlazolyi. furyl. oxazolyl. plperidyi. piperazinyl, pyridyi, 
pyrazinyl, any of which heterocycle may be unsubstituted or substituted with one or more of 

I) halo, 
li) hydroxy, 
III) NR 2 . or 
iv) Ch alkyl; 
Q is 

OH HHH* ' ^.1 J 

wherein R 9 and R 13 are defined above; X is O, S, or NH; and 
Wis 

1) OH. 

2) NH 2 , 

3) OR, or 
4} NHR; 

B Is, Independently, absent, or 



"NH Z 
i 9 . 



J is 

1) YR 14 wherein: 
Yls 

O or NH, and 
R1< Is 

a) H; , 

b) Ci-e alkyl, unsubstituted or substituted with one or more of 
1) -NR*. 

H) -OR. 

Ill) -NHS0 2 Ci-4 alkyl, 

Iv) -NHSO2 aryl, or -NHSO2 (dlaikylamlnoaryl), 

v) -CH 2 OR f 

vi) C1-4 alkyl, 
vll) 



1 



-60R. 



9. 
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15 



vffl) 
0 

-CNR 2 . 
U) 



-NH. 



NH 



NR 2 ; -NH 



'NR 2 , 



x) 

0 

-NHCR. 
xO 



-NS0 2 CH 3 , 



N 



CN 



SO xSi) 
-NH, 



25 



Ph, 



xHI) -NR 3 e A 9 wherein A e Is a counterfoil. 



a 5-7 mernbered heterocycle, 
xv) aryl, 
50 xv!) -CHO, 

xvn) -OP(0)(ORJ 2 wherein R x Is H or aryl, or 
xvlii) 1 



35 cWCH 1 rH^^ bSt,tU I^^ 0ne ° r more of m *» or q^temary amine; 

2) 4JJR14) ^ " {CH2CH2 °' nH ' 

3) -NR1SR16 whereIn R is ^ R i 6 m defIned ^ 0f 
4) 



4a 



45 



Rl7 
I 

Y— 4-C I 



_ R 17 



wherein: 

Y. R1* and n are defined above, and 
50 R 17 Is 

a) hydrogen; 

b) aryl unsubsffluted or substituted with one or more of 
1} halo, 

fi) -OR, wherein R Is H or C t ^ alkyl. 

ss in) 7 
o 

-COR. 

M 

0 

60 -CNR 2 , 

V) -CH 2 NR 2 , 
vl) -SO2NR2. 

vo) -nr;, 

viii) 

65 
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o 

-NH fi R, 

lx) C1-4 alkyl, 

x) phenyl, 

xi) -CF 3 . 
xil) 

- I -S0 2 R, 

xlll) -C t -4 alkyf-NR 2t 

xlv) "OP(0)(ORJ 2 wherein R, Is H or aryl. or 
xv) 

? 

-O- c -C M alkyl substituted with one or more of amine or quaternary amine- 
c) heterocycle. unsubstituted or substituted with one or more of 

I) naio, 

H) -OR. wherein R is H ( Cm alkyl. or C1-4 alkenyl, 

0 
n 

- COR, 

Iv) v 

Jnr 2 , 

v) -CH 2 NR 2t 
VI) -SO2NR2. 
vii) -NR 2 , 
vfii) 

0 

-NHCR, 
!x) C1-4 alkyl, 

x) phenyl, 

xi) -CF 3l 
xil) 

K 

- K-SO2R, 

xlli) phenyl C1-4 alkyl, 
xlv) 
0 

-OCR. 

xv) -OP(0)(ORJ 2 wherein R* is H or aryl. or 
xvl) 

I 

10\ VT't a,kv, 1 substituted wKh one or more of amine or quaternary amine- 

,7 * ♦ 7 ; membered carbocyclic or 7- to 10-membered blcycilc carbocycOc ring which Is either saturated or 
I) halo, 

ii) -OR, wherein R Is H or Cm alkyl, 
Ifi) 

0 

11 

-COR. 

M 
0 

-CNRa. 
v) -CH 2 NR 2( 
vl) -S0 2 NR 2 , 
vii) -NR 2l 

viil) ^ 

-nhIr, 

tx) alkyl, 

x) phenyl, 

xi) -CF 3( 
xil) 

R 

-K-S0 2 R, 

xlli) -OP(0)(ORx) 2 wherein R* Is H or aryl. or 
xlv) ' 
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15 



20 



25 



30 



35 



40 



45 



50 



being included In the present iwentlon diastereome re. «*h all Isomeric forms 

."dependent of Its definition at every 1?^ ^ " S , de ™"° n °" ea «* occurrence te 
T^h^^ -""-to- r^^^t^^ * and/or variables are 

ethyl. Pr Is propyl. Bu is WrSRFSSZ^^ f, 08 * 0 " a,0m8 (Mo b me **. » ta 

attached throughan oxygen V^^JSm ^ nUmber of ^orTatoms 
proups. such ascyclopropyl. c»etotaiStc5^ lnClu(,e 8aturated rin S 

Include hydrocarbon chair* of eitheTa or^^^^^^'^^te'ntendedto 
carbon-carbon bonds which may m^S^^^t^V^ ^ ° M ° r more ""saturated 
pentenyi. and the like. -Halo-, as used hereto means tal Z! ^ SUCh 88 Phenyl, butenyi. 

to repent a small, single 

trifluoroaeetate. perchlorate. nltrale. beraoa^ette fa^ h e «i.oH ^ L b^0m,C,e • •>**»<»*. acetate. 

As used herein, with exceptions as noted Wk£l^,£? m ^ te 'Ji en2eM su "onate. and the like 
Is Wendedtomeanarystabte^toZ-rS (Ph) o' na Phthyl. 'Carbocycnc- 

which may be saturated or pSly ESSE ^ 9 * 10 - membered ^clfc carbon ring. <!ny of 

CcTsX^^^ 

which consists of carbon atoms and fromTne tMhr^! ? C,ther mnM or ""saturated, and 

and S. and wherein the nlSSo^ 

heteroatom may optionally be S*e^?Mdto^?™^T^ b ! oxidized, and the nitrogen 
heterocyclic rings is fused to a benTerJ °'Z Stt^ ^* fflytflhe8l)WMte <W 
carbon atom which results In the cation of' ^stable S may , b8 a ? 3Ched at "V heteroatom or 
Include piperidlnyl. plperazlnyl. 2-oxoXraXl l^nin!^o Examp,eS ° f SUCh heterocyclic elements 
pyrrolyi. 4-piperidonyl. pyrro^p^ 

Pyrazlnyl. pyrimldinyl. pyridazlny o^»M oxS„^'. ^ ? ^' lmWazo,in y. Imidarondlnyl. pyridyl. 
thlazoH thiazolid fnyf. isothfaSff 'mtoy^SwM^ ^^ 0 ^ ,S0xa20 ' w W. morpholinj 
W. thiadlazolyl. benzopyranyl. benzoES tSSSStSV J"? 0 ?* lso ^ no ^ benzlmidaz£ 



R' 



v H I X „ 



i 

OH W 



I 

OH 



R 9 



OH W 



60 



65 



: or v c 
OH 
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H 



I 



H 



OH W 



I 

OH 



A fourth embodiment of the compounds of the present Invention encompasses those compounds of 
Formula I In which Q Is 



OH ? 



-NH 




I NHj R° 



or 



•NH 




A fifth embodiment of the compounds of the present Invention encompasses those compounds of formula I 
In which G Is 



oh fi 



-NH 




NH, R 



-NH 




10 



15 



20 



25 



R 9 



and B Is absent or present once. 30 

A sixth embodiment of the compounds of the present Invention encompasses those compounds of Formula 
I in which G Is 



oh ? ff 



-NH 




NH 3 R 9 



-NH 



O R» 

B Is absent or present once; and 




35 



40 



J is -NH- 



Rl7 
I 

-C- 



14 



,17 



A seventh embodiment of the compounds of the present Invention encompasses those compounds of 
Formula I In which A Is 



B*-c- or R-SO2- with the proviso that R 1 Is not aryl when attached to S; G Is 

oh ^ lW| R 9 

-NH^A, s ^Ay, or -NH-s^X/N^ . 



8 Is absent or present once; and 
J Is 



45 



50 



55 



60 
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» ^ferred compounds of the present .nvenUon 



•re compounds A,B,C,D, or E, as follows: 



1$ 



20 



ss 



30 




B: 



^phenyi-^Hp^^^^ 




40 



SO 



SS 



eo 



65 




enyfmethyljhexan^eucyl^en^^ 



14 



D: 
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lala- 




Other preferred compounds of the present Invention Include compounds F. G. H. and J, as follows: 



OH 



HOOC 



°ph 7 




leNH / ' N ph 



N^nzy^(succlnoyn*( S )^^^^ teoteucy, 
6: 



HOOC 



° Ph^ • 0 




JW^xH(SHnda^^ 



is 



EP 0356223 A2 



H: 



OH f h 




20 



25 




» ZfRJ-fphenyfmethyijhexa^We 1 bU ^ me ^ sB ^ b ^°)*CS^ 
PWJ-Vai amfde. ^ ^ 

^' n ^< s Hv*oxy^he,^ 
or phanroceutlcalV acceptable sails thereof. 

^X353SSS3^£ * *«* • On the roan of water- or * 

addition salts Include acetate, adfpate annate £ * n ' c acWs or bases - Examples of such acid 

citrate, camphorate. camphorsXate iSS^JS^ ^ ,e ' I ben2oa,e . benzenesulfonate. blsutfate butynUe 
nate. , uma na te . QtaotapSno^^ gluconate. tfoo^^"3iS35: 

hydrob rom ide.| V drotodWe.2-hyd; o S heptanoate. hexanoate. hydrochlorfcfe 

fonate. nfcotlnate. oxalate. 

succinate, tartrate, thlocyanate tosriata 3 . JE?I^- .' 8 2 han l#1wplon«to 1 plcrate. plvalate. proolonate 
salts such as sodium aX™tesK2t TtS^Xt ?? e f a,ts *«** ionium salts affie & 
salts with organic bases suchScycSxSe saS J2 , n*? h 88 Ca,c,um «« ma 8™*'«m 

agents as lower alkyl hafldes. such as methyl etM b*2S^S "'^gjjroups may be quatembed with such 
sulfates like dimethyl, diethyl, dibutyh and S&SBiiOT ch,oride ' bromWes «nd Iodides; dlafell 

stearyl chlorides, bromides and ffis^ffiK? u" 9 chaln such as decyl. lauryl. myrisW and 
I**— inhibitors of FoTuM^K^^ 

may be prepared In accordance with well-known procedures for 
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Pr ? n P ™ n9 P . ep,We anal09S from ,helr constituent amino acids or analoas th B ™„f 



OH / R 



1b - ,0H 



R 9 



r5 



peptide bond Isosteres, such as vnem.oi. J3Zi(i986). Synthetic routes to stmnar 

H-N | | 255 
H OH /\ 



Cal[CHCOH)CH 2 ]Val, 

are readily available. The intermediate B0C-Cal[CH(0H)CH 2 1Val-OH lacfono rc «h# a r« ^ # 
prepared using methods described by P. Buhlmayer et If ^ 

1 84.550-AZ Other synthetic routes to peptide bonE £J^. r ^I^ A ^ tlon 

77/ Pals -i-! in European Patent Appln. 173.4S1-A2- 

c. A H Fray etal, J. Org. Chem .. 51. 4828-4833 (1986); alnd 

d. M. Szelke etal, PCTInt AppL WO 84 03 044* 

Stores and abbreviations for other G components of the Inhibitors of the present .nventlon hclude: 




AC HP A 
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4. » 




10 



15 



h 5h o 

Statine (Sta) 

TS^SSt be ' n9 h ' MKm "* ** ProCedUre •» «** em, J. org. 



Chem., 



5. 



20 




with BOCAHPPA-OE, be,n g prepay as described by Rich eta,.. J. Org. Chem.. g w (1980); . 



30 



35 




AnACHPA 
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45 



50 




NH 2 O 



AnSCa 
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Synthesis of protected 3-amino-3-deoxy-(3s, 
4S)-statine: 



. r.t. 
pyridine 
1-3 hr. 



BOC-NH 




8 



CH3-S-CI (1.1 eq.) 
0 



Evap. . 35 °C 
v Pump 2-4 days 



Aqueous workup 
EtOAc/10% citric acid 



Oiled out from 
EtOAc/Hexane 



(Pre-shaken 
before 
dissolving 
up crude 
product) 



1 



is 
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BOC-NH 



0 ^-CH 

8 ' 



COEt greater than 95% yield 
S 0 



greater than 957. purity (TLC, 



CDC1- 



1 eq., 45»C, 18 hr. 



BOC- 




+ 20% elimination 



CHCl 3 /EtOH 



Aqueous 
workup 

Pt0 2 /H 2 ' 

40 lbs., 4 hr. 



100% elimination 



BOC-NH 




OEC 



20 
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BOC-NH 




-OEt 



10 



EC 3 N 




O 
If 



15 



20 



BOC-NH 




OEt 



+ excess CBZ reagent 



25 



30 



35 



NH-CBZ 



(predominantly R at position 3 
as shown) . 




40 



45 



50 




H— ] 

\ 

OH O 
C 2 -is obut yl) ACHPA 
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Abstract No 4151 (1986). ' 855-359 (1984) and H. Stein etal, Fed. Proc 45 869 

Other methods of forming the amide or 22bb2Ei2 t N Wamlnopropyt) carbodWde 

ch.oride.^de. mixed hydride or aSd^e?^^ 

and the Bke. It Is preferred to utS ^^;^oS^^Vr' t T^ benzOXy ' Wxyca^nJ 
because the BOC protecting group is maXiZ^J , i for pro,ec,ln 9 o-ambio group. In part 
OW*. or hydrogen chloride ^S ^S^^l^Sir SUCh M 3 
G-B-IW compounds of Formula I * P rocedur «s the A group may be added to deprotected 

be^c^l^ 



^5 SCHEMi? t 



30 iw-ww OH 
BocNH v y^HO j 



a a 



ay 



2) CBOCJjO 



O 

B 4 

•odium «thoxidQ 





1} LIOK 



COOEt 



2 ) Citric Acid BocKH 

3) A 




.Hustons of the product of Scheme , indude the flowing compounds of Table I 

55 



60 
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' r. ' "v ' r': 



2& 



PhCH 2 - 
PhCH 2 - 

PhCH 2 - 



PhCH 2 - 
PhCH 2 - 




CH 2 - 



CH 3 (CH 2 ) 3 - 



PhCH 2 0-^Q^ 



-CHo- 



EP 03S6223 A2 



-CKi 



-CH 2 -CH=CH 




-CH. 



-CH 2 Ph 
-CH 2 PH 
-CH 2 Ph 



24 
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PhCH 2 0-<^r^\\-CH 2 - 



PhCH 2 0CH 2 - 
PhCH 2 OCH- 



(CH 3 ) 2 CHCH 2 - 



PhCH 2 - 



(CH 3 ) 2 CH- 



CH 3 0 



-<Q>-' 



CHo- 



-CH 2 CH=CH 
-CH 2 Ph 



^0> 



- CH 2~<^^^)>-0CH 2 Ph 

-CH 2 CH(CH 3 ) 2 

^3 
-CHCH 2 CH 3 

-CH 2 Ph 
-CH 2 Ph 



CH 30-<<QVcH 2 - 



-CH 2 Ph 



PhCH 2 - 



-CH< 



I 

»-<(^)-0CH 3 



PhCHo- 



PhCH 2 - 



PhCH 2 - 



PliCH 2 r- 




I 

H 



PhCH- 



PhCH. 
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-(CH 2 ) 3 Ph 




H 
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— sV- 



" \ r CHo- -CH 



N 



Jl N 

/ 10 



H 

i 

PhCH 2 - -CH 2 SPh 



■^-<o>(0> 



PhCH 2 - CH 3 
PhCH 2 - -CH 2 CH 3 . 

B groups are added onto the carboxyl terminal end by, for example, amide coupling In Scheme II. See 
Example I for specific Illustration. 
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SCHEME IT 




Products of Scheme II Include compounds with substltuents listed In Table L 



28 



tf> 0356223 A2 

TASLE_XI 



oh r; 



b 



BocNH 




g o 



a- 



PhCH 2 - 




PhCH 2 - 
PhCH 2 - 



PhCH 2 - 



PhCH 2 - 



PhCH 2 - 



-B-B-J 



-CH 2 -CH=CH-Ph " -LeuPhe[NH 2 ] 



"CH 2 - -CH 2 Ph 



-CH 2 Ph 



-CH 2 Ph 



-CH 2 Ph 



-(CH 2 ) 3 CH 3 



«CH 2 P& 



-LeuNH, ^ NHS0 2 CH 3 



-LeuPhe[NH 2 ] 
-Ile[NH 2 ] 

V 

-LeuPhe[OCH 3 ] 
-LeuPhe[NH 2 ] 

-IleNH Ph 
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PhCH 2 - 



CH 3 (CH 2 ) 3 - 



PhCH 2 - 



PhCH„ 



-CH. 



-CH 2 Ph 



-CH 2 Ph 



-CH 2 Ph 



-LeuPhe[NH 2 J 

-LeuPhe[NH 2 J 
-LeuNH< . OH 



Ph 



-ValNH 



N(CH 3 ) 2 



PhCH 2 - 



-CH, 




-LeuPhe[NH 2 ] 



PhCh 2 - 



PhCH 2 - 



PhCH 2 - 
PhCH 2 - 



-CH 2 Ph 



-CH 2 Ph 
-CH 2 Ph 

-CH 2 Ph 



-LeuNH. . NHCCH 



-LeuNH 



-LeuPhe 



OH 
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5 \ B-R-T 



PhCH 2 0 



PhCH 2 0-CH 2 - 

CHo 
I 3 

PhCH 2 0-CH- 



PhCH 2 - 



-CH 9 Fh 



-IleNH^ Nl(CH*) 



3 '2 



«CH 2 -Cfl 2 ^H 2 -Ph -IlePhe [NH 2 J 



-CH 2 Ph 



-CH 2 Ph 



-IleNH-^y \ H 
fit 

"(CH 2 ) 2 NHS0 2 CH 3 



PhCH 2 - 



/ 



-CH 2 -CH=CH-Ph -IleNH v ]Gj 

W 



PhCH 2 - 



-CH 2 Ph 



0 



-NH 



Ph 



scheme tti 



OH R» OH B 9 



OH R» 



A-OH 



A-NH 



EDC, HOfiT 




B-8-J 



*9 O 
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Product compounds of scheme lit include those of Table HI. 



10 



15 



A-NH, 




B-B-J 



R 9 0 I 

a 



20 h 



Sr 



(CH 3 ) 3 CCH 2 C- PhCH 2 - 



-CH 2 Ph 



-LeuPhe[NH 2 J 



30 



35 



40 



(CH 3 ) 3 CC- PhCH 2 0 



-CH 2 Ph -NH^^CON^ 



Ph 



BO 




0 

CH 2 C- 



-NHCH 2 Ph 



45 



SO 



(CH 3 ) 2 CCH 2 - -CH 2 CH=CHPh -GluFhe[NH 2 ] 



55 ^^rs^rtraraS^K by reacMon of ■» — -* - — - 



£0 



£5 
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SCHEME TV 




wherein A Is defined In formula I. See also Example Z Product compounds of Scheme 
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TABLE xy 



OH R, 



A-NH 




B-B-J 



,9 Ct 



CH 3 S0 2 - PhCH 2 - 



B-B-T 



-CH 2 Ph -Leu Phe NH, 



(CH 3 ) 3 CNHS0 2 - PhCH,- 



(CH 3 ) 2 N-C- 



PhCH 2 0- 



\ 



CH 0 - 



-CH 2 CH=CHPh -] 



-CH 2 Ph 



Phe 
-Ile[NH 2 ] 



0 
t! 

CHoC- 




0CH 2 Ph 



-NHCH 2 Ph 
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0 0 
II II 
H0CCH 2 CH 2 C- 



PhCHo- 



*CH 2 Ph 



OH 



"vJ 
O 



0 o 

// II 

H0CCH 2 CH 2 C- 



FhCHi- 



-CH 2 Ph 



-IleNH 



Additional J groups are added by Schemes Va and Vb: 



o— 4 

BocNH v II B U - 

T b n-BuLi 

Va: R 9 



.oh r* 



BocNH 




NH-R 1 * 



OH r: 



BocNH . 



B I5 R I6 NH 



n-BuLl 



BocNH 



Vb; 




NR 15 R ,a 



2?^ the deflnItIon of FormuIa 1 see 8,50 4 - produ * c -p-^ 



include those of the following Tables. 
TABLE Va 



BocNH 




a 



35 
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B fl *\ NH-R 14 and other 



PhCH 2 - -CH 2 Ph 



J groups. 



-*ra-(CH 2 ) 2 cH(cH 3 ) 2 



1 O 

™* 2 - -CH,Ph ' ^^n// 1 * 2 



-NH-CH, ^ 



*2 



■° H 2 Ph -NH-CH 2 ' N' 



jo; 



-CH 2 Ph -NH-CH ■ . ■/ 



ci A 

-»<«,•' y 

CI 



TABLE Vh 




,16 



a 
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— B* a — &V- NR 15 R lfi 



PfaCH 2 - -CH 2 Ph 




PhCH 2 - -CH 2 Ph , 




PhCH 2 - -CH 2 Ph . • _n 



*hCH 2 - -Cfl 2 Ph 



a benzopiperdinyl J groyp. 
CONH, 



x 2 



N A 



PhCH 2 - -CH 2 Ph 



Li 



The compounds of the present Invention are useful In the Inhibition of HIV protease, the prevention or 
ST.* 7 M !S? m by u the lm ™™<leflclency virus (HIV), and the treatment of consequent 

pathological conditions such as AIDS. Treating AIDS, preventing Infection by HIV or treating Infection by HIV Is 
defined as including, but not limited to. treating a wide range of states of HIV Infection: AIDS ARC (AIDS 
related complex), both symptomatic and asymtomatic, and actual or potential exposure to HIV. For example 
the compounds of this Invention are useful In preventing Infection by HIV after suspected past exposure to HIV 
by e.g.. blood transfusion, accidental needle stick, or exposure to patient blood during surgery 

in the present Invention, compounds with asymmetric centers may occur as racemates, racemic mixtures 
SverSjn diastereomers, with afl Isomeric forms of the compounds being Included In the present 

For these purposes, the compounds of the present Invention may be administered orally, parenteral 
(Including subcutaneous Injections, Intravenous, Intramuscular, Intrasternal Injection or Infusion techniques), 
by Inhalation spray, or rectalfy. In dosage unit formulations containing conventional non-toxic pharmaceutic 
cally-acceptable carriers, adjuvants and vehicles. 

Thus, In accordance with the present Invention there Is further provided a method of treating and a 
pharmaceutical composition for treating HIV Infection and AIDS. The treatment Involves administering to a 
patient In need of such treatment a pharmaceutical composition comprising a pharmaceutical carrier and a 
Stereo? am ° Unt ° f Q compound *• P resent Invention, or a pharmaceutlcally-acceptable 

These pharmaceutical compositions may be in the form of orally^dmlnlstrable suspensions or tablets: nasal 
sprays; sterile Injectable preparations, for example, as sterile Injectable aqueous or oleagenous suspensions 
or suppositories. r 
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10 



IS 



20 



25 



30 



- l-P— accord to technIques 
bulk, aiginfc add or sodium algSSt ™iSl?aa^^^ ^ SX 

^^x^^^^^f^ res to entance btoa — »• 

nontoxic. Parenteral^^Te Sutro^m ^ " 9 t0 ^ «*B -*» 
solutfon or isotonic sodium chloride soS or3a£r^ n ' Wn, « ' , * bu «««W. water Ringer's 
as sterile, bland, fixed oils. Indudina Jm^m^ l^ Kto l° rmm ^ ands{ls P^«iingi g em such 
When rectally administered fat * a**; Includ^ Sc aS 
drug wfthasuitabla non-lnltating «SEK^SS ^t?!K M ^ to ^i^e 
^.charesoHda^^^ 

Dosage levels of the order of 0 02 to 5 0 or m n i 
to above-indicated conditions. ^^i^SSSEJ^^J^h the treatment or prevention of 
effectively treated by the administration of tapJS5£l??' eXamp ' 8 ' lnfec,,on b V HIV is 
weight from one to three times per day. It vvffl be mSLSSTT ^P 0 """ P°' kilogram of body 
'™Wof dosageforanypari that the specific dose level and 

he activity of me specfflc compound emplo^ffi m^ 
the age. body weight, general health. seTcflet mS^^ 

combination the severity of the p^^St^ !XT n ? "J**™" 0 * «*. of excretion, dwg 
The present Invention Is also tfwscted Z 2 * ? host ««*»Bohg therapy. 9 
or more agents useful h »etr« one 

fiSTT^^ combination wltn the antMrai, 

Jitter. Nov. 30. 1987. pp. 26-27; Genetic EhSE SS »f j» g Table ^source: 
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Drug WamP 
AL-721 

BETASERON 
(interferon beta) 

CARRISYN 

( p o lymannoac e tat e ) 

CYTOVENE 
(ganciclovir) 



TABLE VT l 
A. Antiviral^ 

Manufacture 
Ethigen 



Indication 

ARC, PGL 



Triton Biosciences AIDS, ARC, KS 



Carrington Labs 



Syntex 



ARC 



CMV 



DDC 

(dideoxycytidine) 

FOSCARNET 
(trisodium 
phosphonoformate) 



Hoffmann-La Roche AIDS, ARC 



Astra AB 



HIV inf , CMV 
retinitis 



Abbreviations: AIDS (Acquired Immune Deficiency 
Syndrome); ARC (AIDS related complex); CMV 
(Cytomegalovirus, which causes an opportunistic 
infection resulting in blindness or death in AIDS 
patients); HIV (Human Immunodeficiency Virus, 
previously known as LAV, HTLV-III or ARV) ; KS (Kaposi's 
sarcoma); PCP (Pneumonocystis carinii pneumonia, an 
opportunistic infection); PGL (persistent generalized 
lymphadenopathy). 



Drug NamP 
HPA-23 

ORNIDTL 
(eflornithine) 
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Manufacture , indict inn 

Rhone-Poulenc Sante HIV infection 



Merrell Dow 



PCP 



PEPTIDE T 
(octapeptide 
sequence) 



Peninsula Labs 



AIDS 



RETICULOSE 
(nucleophospho- 
pro.tein) 



Advanced Viral 
Research 



AIDS. ARC 



RETROVIR 

(zidovudine; 
AZT) 



RIFABUTIN 
(ansamycin LM 427) 

(trimetrexate) 
UA001 



Burroughs Wellcome AIDS, advanced 

ARC 

pediatric AIDS, 
KS, asympt HIV, 
less severe HIV, 
neurological in- 
volvement • 
Adria Labs ARC 



Warner-Lambert 

Ueno Fine Chem 
Industry 



PCP 

AIDS, ARC 
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Drug Name 

VTRAZOLE 

(ribavirin) 
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Viratek/ICN 



Indication 
AIDS , ARC, KS 



WELLFERON 

(alfa interferon) 

ZOVIRAX 
(acyclovir) 



Burroughs Wellcome KS, HIV, in 

comb with 
RETROVIR 

Burroughs Wellcome AIDS, ARC, in 

comb with 
RETROVIR 



B. Immunomodulatory 



ABPP 

AIDS, KS 

(bropirimine) 



Upjohn 



Advanced 



AMPLIGEN 
(mismatched RNA) 



DuPont 

HEM Research 



ARC, PGL 



(Anti-human alpha Advanced Biotherapy AIDS, ARC, 



KS 



interferon 
antibody) 



Concepts 



Colony Stimulating Sandoz Genetics 
HIV, 

Factor (GM-CSF) Institute 



CL246,738 
(CL246.738) 



American Cynamid 



AIDS, ARC, 
KS 

AIDS 
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ImrGg AIDS. ARC, 

KS 

ImreS AIDS, ARC, 

i KS 
i 

Merieux Institute AIDS. ARC 



Cetus AIDS. KS 



Hoffmann-La Roche AIDS, KS 
Inununex 



Schering-Plough KS 



Drug NaiT^P 

IMREG-1 

PGL t 

IMREG-2 
PGL, 

IMUTHIOL 
(diethyl dithio 
carbamate) 

IL-2 

(interleukin-2) 
IL-2 

(interleukin-2) 
INTRON-A 

(interferon alfa) 

ISOPRINOSINE 
(inosine pranobex) 

(methionine 
enkephalin) 

MTP-PE 

(rauramyl-tripep- 
tide) 



Newport 

Pharmaceuticals 
TNI 

Pharmaceuticals 
Ciba-Geigy 



ARC, PGL, HIV 

seropositive 

patients 

AIDS, ARC 
KS 
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Ortho 

Pharmaceuticals 



Indicating 
HIV infection 



ROFERON 

(interferon alfa) 

(recombinant 
erythropoietin) 



TREXAN 
(naltrexone) 



Hoffmann-La Roche KS 



Ortho 

Pha r ma b eut i cal s 



DuPont 



severe anemia 
assoc with AIDS 
&. RETROVIR 
therapy 

AIDS, ARC 



10 



is 



20 



TNF (tumor 
necrosis factor) 



PENTAM 300 
(pentamidine 
isethionate) 



Genentech 

C. Antibiotic 
LyphoMed 



ARC, in combination 
interferon gamma 



PCP 



D. Vaccines 
SYNTHESIS 

reference. " 7 *™ {m - md ^ m J - Org. Chem 62, 1487 (1987). aO herein Incorporated by 
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Preparation of 
Step A; Preparation of 

nitrogen ^l^iWSt -0 under 

warming and then was cooled In an Ice bath tTL^?\r« « reacUon ^ w «ated by gentle 

reaction was stirred at rooi S£5«SiJJr£r^ StS^ "otherm was complete the 
solution of the Grignard was added tbZutlJ^JZ? d ,0 78 C h » *y Ice/acetone bath. To the 
nyQamlno]^heny?^ 

temperature of the rWc«on renXd Stew 5'C W° S£l ^ a *" r ^ m,) drapwfee such ^ the 
room temperature where It washed f^M^^;? flfay sus P ens,on «*s allowed to warm to 

9) and 10% citric acid ^Z^S^^^^ bv ^ Mo ^^^ 
diethyl ether (3X300 ml). The comblnlfl I o raXta? 2E^2SS?2£ ^ was ex,rac «ed with 

(1X200 ml), dried over anhydrous maanesS 10% , C " ric acW < 1X30 ° and brine 
methylethoxyc^onyoSl-^RS^TroXi^ f « red 'i'l d n C f" Centra,ed te *» 3(SH(1.l-dl- 
« aye«ow7n,an analytK^^ (^-6 fl. quantitative crude ylej 

- ^ther^ 

elemental analysis, calcd. for CmHsiNOs SI (337.53): 

C. 64.05; h.9.26; N 415' 

25 Found: C. 64.15; H 913- uTZ' 

M ' 913, N. 4.22; (oJ D 20 - ^,0.0° 

Bt i p B: Preparation of 3(S)-Amlnowt-p hpnyi.i.h,^^ 

To a stirred solution of the product of SteD A f22 ft « *7 «; mm ~n i» j 
an Ice bath and under nitrogen was added to , S i^^^SK* (4 °° ^ coo,ed 

solution was aflowed to warm to room SSpS£SSSH StSd fori f M9 (43 . I * 345 mmol >- ™ 8 
Ice bath and quenched by the droowfee T? 4 . days - React, °n was cooled In an 

collected and the aqueous phas was ^S^^^T^^V!^ m - 7,10 or 9 anl ° P hase ««■ 
were washed with brine (1X200 mKedSS -S^St^^ (ff50 -ni). The combined organtes 
give crude 3(S)-amlno^phenyl-1-b'u?eJe ^T^SZ to 

Step^C. Preparation of 

ch.oride(2(X)ml)wa;stlrredatro^ . 
(1X100 ml), sat'd. sodium bicarb SS and ^i!^^ 0 ? C,tr, ' Cadd ( 3X1M ™'). water 
sulfate, filtered, and concentrated toVte«^7^r?J!£S2 * ta l° Wr anhydrous ™Wne««um 
(34.6 g) as a yellow oil. Crude product was wrtted ffi«„TT^*^NblJe«e 
10x20 cm column; diethyl etherJwS ^t^^^^^? 9 ^ 1 ^^^ 0 ^^ 
4^henyl-1-butene (16.3 ivjnISXSSi 2h L^£* S )-«1;1-<«rnethylethoxycarbonyl)amInoj : 
from heptane, mp L 67*€8^C; asawhlto6oDa 3 Ananalytl cal sample was obtained by recrystanbatlon 

elementalanalysls. calcd. fordsrfetNOj (247.34): * 

C.7Z84; H.&56; N, 5.66; 
SO Found: C. 72.78; H. 8.76; N. 5.64. 

Step D: ^ of 1 ffiTO l 1 ? n^ 

» bathar*iundernltr<HjeS^^^ 

Tten^wassttodatO^fc^ 
and poured In Ice cold aq.10%s^ U m^ulK5^^ 
extratfedvvltJ, diethyl eZr^^^^ 
rrfl. sam sodium bteU,nate3X1M^S 

concentrated to give a white solid tw« (1x100 ml) dried over anhyd. sodium sulfate, filtered and 

23IWO0 mesh. 8 X 15 3uS e t2f»S^ P ^ ** loW P ressu "» chromatography (silica gel 
carbonyOan^p^ 

ana^cai sample wasTbtaTed SSntlKT^'Sr ^ 
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elemental analysis, calcd. for CisH 2 iN0 3 (263.34): 
_ „ C,68A2; H.8.04; N. 5.32; 

Found: c. 68.22; K 8J»: N, 5.29; Ma» — U34\ 

Step E: Preparation of fSS. 

1'S?-3<aifcoethoxv^H^^ " — 

extracts were washed 1X 500 mL H 2 0. 1X500 m!_ s^N^ 1^^^ b^Tne ^ dried Smo^' 

Step F: Preparation of <5S. 

The product of Step E. 10.6 g f was dissolved In 100 mbof abs. ethanol contalnlna 3 7 mi nf h«n™i m 

SXEuSl SSI ^ ^ ^ .f™ «lth 600 «"«- of 10% citric acid. The mixture was extacteS 
n2£>\ -nJ fh t? d .* e com ^ ,ned emar extra <*» ««shed with 400 mL of H 2 0. 400 mL of brine dried 
(MgS0 4 ) end the solvent removed under reduced pressure to give 13 6 a of a dear aZJuZm «n i ^H? u 
essentially homogeneous by TLC (25% ethyl acetate/rmanes) ° B "•** 

Step G: Preparation of (3R. 5S. 

of im n ^ l Ste f/' l" fl " mS dissolved 250 mL of W'methoxy ethane, and o It was added 117 mL 
of 1M lithium hydroxide at room temperature. After stirring for 12 hours, the solvents were removed under 
reduced pressure, the residue suspended In 200 mL of 10% ottric acid and extracted sTs£Z o < dSy. 
H™«?™ COmb £?° d ett »rj*™A were washed with 500 mL of brine, dried (MgS0 4 ) and concentnrted to 
dryness. The residue was dissolved In 250 mL of toluene, heated to reflux for 12 hours then concent tod to 

15% ethyl acetate/hexanes gave 32 g of the 3R-tactone as a clear foam. Further elutlon with the same 
solvents gave 6.15 g of the 3S-lactone as a white solid. 6 

Step H: Preparation of 

(3R. 5S 1 ' s )^Ber^^1-((1.1^lmemylethoxyca^ 

of JM I thlum hydroxide at room temperature. After stirring for 1 hour, the solvent was removed In vacuo and 
the residue partltlonedbetween 20 mL chloroform and 20 mL 10% citric acid. The layers were sepirated and 
1„h Tff e^"*^* x 20 mL chloroform. The combined organic layers were driedSajSoS 45 
Tmf fnT. '! U* 1 046 0 <* *• era* hydroxy acid. This residue was dissolved In 5 mLof dj 

DMF and 0.845 g tert-butyl dlmethytsOyl chloride and 0.725 g of Imidazole were added. After stirring for 18 
™.'"\ e reacfion was poured Into 5p mL of water and extracted with 3 X 20 mL of ethyl acetate. The 
combined organic extracts were washed with 3 X 20 mL of 10% citric acid, 1 X 20 mL of water 3 X 10 mL of 
saturated aqueous solution of N^COa. and 20 mL of brine. After drying (N^jXe solvent was removed 

^IkZT.T* Sti ™ d ' orA hours - * an P° ur «d 60 mL of water and extracted with 3 X 20 mL of euieTTne 
TT 9 WerB Washed with 2 X 20 mL of water, brine, dried (NazSCfc). and tosdv™ 
gTtoep^ucf^ 

Step I: Preparation of 

2(H)^phenvl metriyi)^exarMvleucvl^henvlalar^ — — " y 

fa-JUl^" 0 ] *?! 1? 183 » ^ dtesolved mL of dry DMF. and to It was added 0.124 g of 

t^^^^^^V^ < f bodnm,de hydrochloride. Triethyiamlne was added to the stirring 
eSed w^SXiSrTof l^. 8 ^ h , 0Ura ' «» reactton ^ PO«"> d "*> «> mL of water and 
citnc acid. 1 X 20 mL of water. 3 X 20 mL of a saturated aqueous solution of NaaCOs. 30 mL of brine, dried 
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(NjfcSO*). and the solvent removed to give 0J2 a of th« nrorw* M . 

chromatography (50b metha^ol/chlorofomi) P puriflcatIon b V Preparative thin layer 

Step J: Preparation of 
N f -(1,1-dfmethy Ieth oxycarbony 

nylalanyl amide 

^ mL of a 1M solution of 

was removed In vacuo, and the remaining ^^^^^^J^^ 5 " 1 ^^^^ 
sinca pad and washed with ethyl acetate Tha nl* T aceta,e - 7,18 «>nd was filtered through a 

chloroform solution of the pSSSSSSi^iffi Vm n^J! «^ <a» mL> .« 
was concentrated, and the residue was SSSSSSS^J^!^ PS?*^ P 8 ethyl ace,ate 
8 h* an additional g of product £ZSS^ 

Step K: The Preparation of 

was added 5 mis. of trlfluoroace t c acW After^S,Z ! '"J 5 m ' S - 0f meth y e ™ chloride at 0°C 

reaction was complete. The reactlo SrtD^2SS*^i^ * romato 9 ram <™-C) showed that the 
chloride and transfered to a separator hSSTn^SS^l T f 85 ^ 10 25 m,s of methylene 
solution and the organic layer waited E'o^ wSTh . T' Washed ^ 2x50 ml «* «** NaHCO, 
was pure enough to be usedTtSl !^?SSta? ^ Md ° 0nMn ^ d to ^ r^duct wSS 

Step L: The preparation of 
N , -(2-thlenocarfaonyl ^5fS)-amInf^fg) 

Amfde — « c j.-^wyi-1-nenyaianvi 

Uuc*^ 

of 1 ^ydroxyt^^ole Uyl^^ 'S™** <™? «~ 10 mgs <a074 mmoO 

dHmide hydrochloride (EDC) and 7 ^m^S^VS^ * 1 - ( ^ lme %^^ 
^adJustedtoc^9.oUhtZh y K ac,d ' ™* PH of the solution 

Indicated that the coupling was cSete V* DMF^ ^!hT * r °° m temDeratur *. After 18 hours a tic 
of methylene chloride'which JIKS 

solution and the organic layer was dried mtZTn Z£l™ 1 1 ?™ Cltrtc acW soIn - 20 mIs <* $atd. NaHCOa 
purffled using *» tha <™ d f pr ° dUCt ™ e residue 2 

compound m.p. 232-234'C. MeoH/CHCU. SI0 2 . 0.5 mm plate) to give 18 mgs of the title 
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EXAMPLE 2 

Preparation of 

NM3-phenvI propanoy l)-5fS1- a mlnn^(Q). 
nyl amide, uompound E 

fphenylpropanoyl cWoride. After 3T0S! the 
»1°ntfs oflW* citric acldsolu^ 

concentrated to dryness. The concentrate M«~lVhl u toa ™ eo ^°Ptoeb*fed, filtered, and 
Met)H/CHCUtog^ecru*ZSuc?1L te pad of ao * which Is ehited with M 

column to give the desired product ^ PWffled Uslnfl reverse P^ HPLC on a Water C-18 



EXAMPLE 3 




Step A: Preparation of 
N'-(1 .1-Dlmethy lflthnvy^,^ 
65 leucyl-ohenylalanvt amlda 
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(C;H.NJ 

Step B: Preparation of 



Step C: Preparation of ' 



EXAMPLE 4 



15 



20 



Preparation of 

Step A: Preparation of 

yield 0.065 g of the product as a crystalline solid; mp 191-192°C. ro 

aSyiTi^^ by ,onow,n9 substentia,v *• «"~*» describ8d *» Ste P * ^ 

Step C: Preparation of 

EXAMPLE 5 

Preparation of 
Step A: Preparation of 
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^f y, * phenylafanIne am,d0 hydrochloride semthydrate 1074a 21« mmon ^ ^ 

crude coupling product This m^SdwSSill^ 7°^ ° f the solvent h v* 5 " 0 9™ the 
There was obtained 0M™Z£X%^ 

Example f. yteldir^de^ prSluT 0y """"""j 9 the procedure described In'Step K of 

Step C: Preparation of i 

-MM, thereto l^th^^ 

EXAMPLE 6 * 

WHenzyfoxycarb^S^ of 0.790 g of 

mLJuntflTptfe yeSoTcX p'rstffiKtS^ ° f T"" (35 mL >'™ th ™< » 

concentrated and the residue chroma oaraohed w£ 2^^"*^" h ° Ur at °* the solutton "a* 
methanol (18:1:1). to afford O^SS^Sh?^ 9 ' ^ W " h methy,enB cWo ^ e /acetone/ 

Step B: Preparation of 

a 2.0 M solution of sodlurc T^^^T^^T^f^T^^ a '°°' ^ ^ated with 0.67mLof 
2-benzylactylate (0540 o) was added h onT3£ * ' a B n,tl ?9 en atmosphere. After 10 minutes, methyl 
ambient terl^ratuVe of 18tou«^ 

mL of 1N hydrochloric ac d aLd 10 ^ o7e^ acXte *° °" ¥ * toh WaS Phoned between 15 

extracted with 2X10 mL ethtf acetate The cJrrZe^n^T WWB Separa,ed and »• aqueous phase was 
and the solvent removed to TgCS ^KSKS JtaXSSS"' T^" ( , brine) and dr1ed < Na *S04) 
acetate afforded 0.264 g of L product «*romatographed on silica gel (flash). Button with ethyl 

Step C: Preparation of 

1.0 N aqueous lithium hydroxIdXto^ «"«- of a 

solvent was removed and 30 mL lc7wat£w^L^ * W I*™ 08 ? for 4 houra ftt room temperature, the 
^tOmLether/etnylacetete^mWure^ S^^SSEf 1 " resIdu8 - 11,8 resu, «ng mixture was extracted with 
drops of 50% a ce«c acid. T^a^ 

acidic organic layers Were washedwK^^ i" 1 * acetate and *«> the combined 

the product as an oil: 0.153g ' ' ° nd drted < M 9SO<). Removal of the solvent In vacuo left 

Step D: Preparation of 
N-[3-(Methoxv-(1 (R f^m 

leucyl-phenylalanvlamlda r r f 

Ice baXX sS «* *lrred under nitrogen In an 

8 of ben2otriazol-1^xytris(dta^vlamlnS hydrochloride hemlhydrate. 0.155 

"Hw combbwd organic ^tSrSTj^SfSBSr^^S^^ 
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sodium bicarbonate, brine, and dried (MgS0 4 ). Removal of the solvent left 0.164 g of a sticky solid which was a 
ml^re of 4 major components as evidenced by thin layer chromatography (chloroform/methanol/ammonlum 
« yd c l d L 9 i :10:1K ^ mbctun ! ^ flash chromatographed. elutlng with the same solvent moused™ 
tic. Effractions containing an intimate mixture of 3 components were combined and concentrated to alve 66 
mg of a dlastereomerlc mixture of the product Continued edition provided and additional 52 ma of oroduct 
mixture which was predominately a single tic spot 9 proaucl 

propanoylHeucyl-phenylalanylamlde. Compound Alpha, and — — — y ^ 

N-[3-[1(R)- BeruryIo)cyc^onylanTlno-2s)henyle^ 

propanoylHeucyl-phenvlalanvl/amlde. Compound Beta — z " 

i ^ solution cor^nlng 0.066 g of the dlastereomerlc mixture of Step D and 0.014 g of anhydrous Hthlum Iodide 
Z v!?; d T was stirred at room temperature for 7 days, during which time an additional 0 030 g 

o l.thium Jodlde ^was added. At the end of 1 week the servants removed^ 

of saturated sodium bicarbonate. The mixture was extracted with 4X5 mL ethyl acetate andTe wmbuS 
organic layers were concentrated. Separation of the two dlastereomers was accompOshed by preparative high 
pressure liquid chromatography using a Waters Delta Pak 018 column, elutlng with a gradient of acetonltrila 
0-950b in water (0. Wo trtfluoroacetlc add) over one hour. The fmct^ 

B^f^SST *°P hiRzed separately to afford 0.013 g of Compound Alpha and 0.012 g of Compound 
Step F: Preparation of 

N-[3-[(1(R)^ amue 

Following substantially the procedure described In Step A of Example 3, but substituting for thebenzyl ether 
used therein. Compound Alpha from the preceding step, the Indicated product Is obtained. 

Step G: Preparation of 
phe^anl^^ 

Following substantially the procedure described In Example 2. but substituting for the amine used therein so 
the product from the preceding step, and for the 3-phenyIpropanoyl chloride used therein, dlmethylamlnocar- 
bonyl chloride, the desired product Is obtained. 

EXAMPLE 7 



TABLE VII 
Compound ICsofnM) 



A 
B 
C 
O 
E 



EXAMPLES 
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Assay for Inhibition of Synthetic Viral Protease 

Inhibition studies of the reaction of the synthetic protease [amino acid residues 69-167 of the pol open 
reading frame In Ratner. L etal, Nature , 313, 277 (1985) and synthesized by Merrifleld solid-phase swShesisl 40 
with a peptide substrate [Val-Ser-GIn-Asn-Tyr-Pro-fle-Val, 2 mg/mL when the reaction Is Initiated) were in 50 
mM Na acetate, pH 5.5, at 30°C for 1 hr. Various concentrations of Inhibitor In 1.0 ui DMSO were added to 36 ul 
of assay solution and the reaction Initiated by the addition of 4 ui (1.5 u.g) of synthetic protease The reaction 
was quenched with 160 ul of 12<W> acetic acid. Products of the reaction were separated by HPLC (VYDAC wide 
pore 5 cm C-18 reverse phase, acetonitrile gradient, 0.1% trifluoroacetic acid). The extent of inhibition of the 45 
reaction was determined from the peak heights of the products. HPLC of the products, Independently 
synthesized, provided quantitation standards and confirmation of the product composition. Results are shown 
In Table VIL 
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25 



Sg°^ r 

Step A: Preparation of 

'!XtSSaS£IS^ ^r^ t ^^ M rrr • r- 

organic extracts wera washed vZ 1X20 5 of S^^^l^ 20 , 1 "'/ 8thy * aceta,,> - 1,16 «""Wned 
aqueous solution of mJcKS^SM2^2^ X » "V* ^ •* of a saturated 
Step A product after P"rm^^ 

Step B: Preparation of ' 

elemental analysis calc'd. for CayHxgNaOs: 

C t 72.17; H t 8.02; N, 6.82; 
Found: C, 72.47; H, 8.30; N, 6.73. 



30 



Step C: Preparation of N-benzyl 

N n!m^ amide 
elemental analysis calc'd for CaehUsNsOe: 



C, 70.22; H. 7.37; N, 6.82; 
Found: C, 70.20; H, 7.40; N, 6.77. 



EXAMPLE 9 



45 Preparation of 
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Ki^! 0 " f f N -f 2 ( R ^r rfr ^-1fSHndanvn^( S1- a min» 



elemental analysis, calcd. for 
C28H 3 2Na03.C4H404«H 2 0 (560.65); 

C. 66.41; H.6.62; N, 4.84; 
Found: C, 66.50; H, 6,35; N, 4.78; 
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Step B: Preparation of 

A 0.050 g (0.089 mmol) quantity of N-(2(R)*ydroxy-1(SHndan^ 
2(R)-(phenytmethyI)-hexanolc carboxamlde was dissolved In 1 ml of dry DMF.To this solution was added 0.049 
g (0.49 mmol) of succinic anhydride, and the reaction mixture was heated at 60°C for 8 hours Ice water (20 ml) 
was added to the reaction mixture to precipitate 0-31 g (63Vo) of Step B product, mp* 18M83°C after 
trituration with diethyl ether. 

Elemental analysis, calc'd. for CasHaehbOa 
(544.648): 

C. 70.57; H, 6.66; 
Found: C, 70.84; H. 6.81; 



N, 5.14; 
N, 5.1Z 



EXAMPLE 10 



Preparation of 

N-(2(R)4iyd ro)cy-1(SHndanyO^^ 

thyl)-hexanamlde t Compound H. — — — i 



Step A: Preparation of 
N-(2(R)^ydroxy-1(S)-lnd^^ 

nylrnethyQ-hexanamlde — — " — c — 1 — 

To a solution of 660 mgs. (0.99 mmol) of N-(2(R)4iydroxyM(SHndanyl)-5^ 
nyl)-amlnoM(SMni'^lmetW^ dis- 
solved in 30 mis of methylene chloride at 0°C was added 15 mis of trlfluoroacetic acid. After 30 minutes, a thin 
layer chromatogram (TLC) showed that the reaction was complete. The reaction solution was concentrated, 
the residue dissolved in 100 mis of methylene chloride and transferred to a separatory funnel. The organic layer 
was washed with 2X50 ml of satd. NaHCOa solution and the organic layer was dried (Na 2 S04), filtered and 
concentrated to give the crude Step A product which was pure enough to be used In the next reaction. 

Step B: Preparation of 
N-(2(R)-hydro)cyM(SHndanyl)-5(SH^ 

6-phenyl-2(R)-(phenylmethyl)-hexanamlde — * — 

To a solution of 55 mgs (0.10 mmol) of Step A product In 10 mis of methylene chloride was added 0.039 ml 
(0.276 mmol) of trlethylamlne and 0.032 mg (0.186 mmol) of methanesulfonlc anhydride. The reaction was 
stirred at 23°C for 1 8 hours and worked up by diluting with 20 mis. of methylene chloride. The organic layer was 
washed with 2X20 mis of 10<Vb citric acid soln.. 20 mis of satd. NaHCOa solution, dried, filtered and 
concentrated to give the crude product. The residue was purified using prep, layer chromatography (10<to 
MeOH/CHCI 3 . SI02, 0.5 mm plate) to give 17 mgs of the Step B product compound as an oil. 

Step C: Preparation of 

To a solution of 50 mgs. (0.078 mmol) of Step B product In 2 mis of THF was added 1 ml of a 1 M solution of 
tetrabutylammonlum fluoride (TBAF). After 1 hour an additional 0.5 ml of TBAF was added. After 2 hours, the 
reaction was diluted with water and the resultant precipitate was filtered and washed with water. The solid was 
dissolved In chloroform, dried (Neu-SCU). filtered and concentrated. The crude product was chromatographed 
on a prep, plate (0.5 mm, 5Vo MeOH/CHCb) ,to give 24 mgs. of the Step C product, mp 180-182°C; 

Anal. calcU for C2aH34N2OsS«0.25 MeOH: 

C, 66.20; H.6.65; N, 5.28; 
Found: C, 65.96; H, 6.59; N, 5.65. 
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Preparation of 

SmaSEa^Sr ^^^ irr-r- r-r 

HtHCO. solution and drted ove! MihS^^^S3Ji 1 ^ dMo .* cl * ""•M «»»»» 



EXAMPLE 1 12 



Assay for Inhib ition of Microbial Expressed Viral Protease 

IV™"!^^ <" Eschericla con w,,h a peptide substrate 

u. of 5o A phosphorfc add. Products oTJS^Tp^^^ 



Claims 

1. Compounds of the formula: 
A-G-B-B-J I, 
wherein A Is 
D 

R*-£ - wherein R1 Is 

a) Cm alkyl either unsubstltuted or substituted with one or more of 
i) Ct-4 alkyl; 
II) hydroxy; 
10) carboxy; 

vi) Ci-aalkoxycarbonyl; 
vn) d^alkoxy; 

W-MR2R3; ' 

X)-N-P-R« Wherein, 
ft 

R Is hydrogen or Ct-4 alkyl. 
Pis 7 

0 S 0 NH 

-«-. -1. -L, 
• & 
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and 

R 4 Is H f C1-3 alkyl, C1-4 alkoxy. or NR 2 R 3 ; 
xl) C3.7 cycJoalkyl or Ce-10 aryl; 

xij) 6 or 6 membered heterocycle, unsubsUtutod or substituted with OH, NH or C1-4 alkyl; or 
xfl!) aryl of 6-10 carbon atoms, either unsubstltuted or substituted with one or more of 
(a) halo, 
* (b) hydroxy, 

(c) Ci-a alkoxy. 

(d) Ci^ alkyl, 

(e) -NR 2 , wherein R is defined above, 
M 

? 

-COR, 

(g) i 
0 

- CNR 2 . 

(h) -S0 2 NR 2 , 

(i) -CH 2 NR 2 . 
0) 

0 
it 

-N-CR, 
R 

or 

(k)-HS0 2 R; 
R 

xfv)-OSIR3(R2) 2 

b) aryl of 6-10 carbon atoms, either unsubstltuted or substituted with one or more of 

l)Ci-4a!kyl, 

li) C1-3 alkoxy, 

Hi) hydroxy, or 

rv) halo; 

v)-NR 2i 

vi) 
0 
a 

-COR, 
vii) 
0 

- CNR 2 , 
vffl)-S0 2 NR 2 . 
Ix) -CH 2 NR 2 , 
x) 




or 

xi)-H^0 2 R; 
R 

c) 5 or 6 membered heterocycle; 

2) Ri-SO*-, except Ri Is nor aryl, , 

3) 1 

R 1 -|-S0 2 -» 
wherein 

R 5 is H or C1-5 alkyl or Joined together with R* either directly to form 6-7 membered heterocycle, or 
wvough a heteroatom selected from N, O, and S. to form a 6-membered heterocycle with the nitrogen to 
which they are attached; 
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4) 



1 11 

5) 




6 ) (^i, .wherein qb1or2: 
•Gis 

l 

SO wherein 2 Is O, S. or HH, and 

R 9 Is Independently 
1) hydrogen; 
2) 

25 



30 

3) -OR, wherein R Is H, or C H alkyl 

4) -NR 2 , 

5) -Ci-4afkyiene-RH; 

wherein n Is 0-5 and R*o is Independently 
& a) hydrogen, 1 

b) hydroxy, or 

c) Ci-4-atkyI; 
R"ls 

a) hydrogen, 

40 Jhato UnsUbstftuted ^substituted with one ormore of 
D) hydroxy, 

. 45 v)Ci- 3 alkoxy ( 
vf)-COOR ( 
Vfl) 
0 

- CNR 2 , 

viii)-CH 2 NR 2 , 

be) 

0 

-CH 2 NH CR, 
x)CN. 
& xl) CF 3 , 

xfi) 

P 

-NHcR. 

xlliJarylCi-aalkoxy, 
60 xfvjaryt, 

xv)-NRS0 2 R ( 

*vj) -OP(0)(OR j 2 wherern Rx , s H or ^ Qf 



£9 



-O-c-Ct., alkyl substituted with one ormore of amine or quaternary amine; 
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c) 5 or 6 membered heterocycle Including up to 3 heteroatoms selected from N, O, and S. any of which 
heterocycle may be unsubstltuted or substituted with one or more of 

I) halo, 

II) hydroxy, 

l!l)-NH 2i -NHR t -NR2 l s 
, IvJCwalkyl, 
v) Ci^ alkoxy, 
vl) -COOR, 

vn) 

-Lr 2 . 10 

VUI)-CH 2 NR2. 
Ix) -NHtR, 

o » 
x)-CN, 1S 

xiiJ-NHSOaR, 

xlil) -OP(0)(ORx)2 wherein Rx Is H or aryl, or 
xiv) 

o 

n * 2Q 

-O- c -Ci-4 alkyl substituted with one or more of amine or quaternary amine; 
d) C1-6 alkyl or Ci-<3 alkenyt, unsubstltuted or substituted with one or more of 
I) hydroxy, 
li) C1-4 alkyl, 

ni)-NH 2 ,-NHR,-NR2, « 

NH 
-NHCH , 
v) 

NH 

-NH- C- NH 2 , 30 
vi)-COOH, 
vil) 



-loR, 



vlll) -SRorarylthlo, 
Ix)-S0 2 NHR, 

x) Cm alkyl sulfonyl amino or aryl sulfonyl amino, 
x!)-CONHR, 

" 0 

-NH CR, 
xHi)-OR 

xlv) aryl C1-3 alkoxy, or, 

xv) aryl; 4$ 
e) C3-7 cycloalkyl unsubstltuted or substituted with one or more of 
I) hydroxy, 
fl)Ci-4aIkyl, 

!li)-NH 2l -NHR,-NHR2, ' 

•* ». 

-NH-CH , 
v) 

NH 

-NH- -c- NH 2t I 
vl) -COOH. 
vli) 
0 

-C-OR, 

vHIJ-SR, eo 
W-SO2NH2. 

x) alkyl sutfonylamlno or aryl sulfonylamlno, 
xl)-CONHR,or 

65* I:"/ 
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I) halo 7 sw " , 9 un5UDOT,u »eaor S ubstltutedwlthonaortnoreof 

fl^-OR. wherein R Is H or C1-4 alkyl. 



-I, 



• OR, 
M 

10 0 

- C NRs. 
v) -CHaNRa. 

^i» NR2Or " S(O ^ Rwhere,n y's0,1,or2: • 

VII j -NH2, 

vffl) I 
0 

-NHCR, 
&) Ci-4'aOcyf, 
. x) phenyl, 
20 xi)-CF 3 .or 
xff) 

R 

-A-SO2R; 



t 

"5 H . -Ci-4-alkyf or-COOR; and 
©Is 



b) hydroxy, 

c) -NR2, 

d) -COOR, 

e) CONHR, 
* O-NHSO2R, 

9) 

0 

-NHCR, 
h) an/, 

^ I) aryl substituted with C1-4 alkyl 
JJheterocycle.or 

k) heterocycle substituted with C1-4 alkyl- 

3hK 

b) -OR, 

c) -NHR« 
cQ-COOR, 
e) 

0 

50 -cNR 2( or 



-NHfiR;or 

SS ornVo^^ 
0 halo. 
If) hydroxy, 
ffl)NR 2| or 
MCim alkyl; 

*> Qls 



H 
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OH KHR" NHH 1 * W ^ 

wherein R 9 and R 13 are defined above ;XIsO,S, orNH; and 
' Wis 
DOH, 

2) NH 2 , 

3) OR, or 
4JNHR: 

B Is. Independently, absent, or 

I 




Jls 

1)YR 1 « wherein: 
YlsOorNH,and 
RKfe 

a) H; 

b) Ci-6 alkyl, unsubstltuted or substituted with one or more of 
O-NRf 

A) -OR, 

liI)-NHS0 2 Cw alkyl, 

Iv) -NHSO2 aryl. or-NHS0 2 (dlalkylamlnoaryl), 

v)-CH 2 OR, 

vl) -C1.4 alkyl, 

vii) 

0 
p 

-COR, 
vni)-I NR 2| 
IX) 

-NH^^- NR 2 ; -NH__ ^NR 2 , 
fa ff 



X) 

0 

-NHCR, 
XI) 

-NS0 2 CH 3 , 
xll) 

x«l) -NR 3 ®A e whereln A e lsacounterlon, 

xlv) -NRUR16 wherein R™ and R™ are the same or different and are C1-6 alkyl Joined together directly to 
form a 5-7 membered heterocycle, 
xv) aryl, 
xvQ-CHO, 

xvll) -OP(0)(ORJ 2 wherein R,, Is H or aryl, or 

xvin) 

-O-I -C1-4 alkyl substituted with one ormore of amine or quaternary amine; 
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2) N(Rt4j H2 ° ,CH3 or " (CH2CH2 °) nH «" 

3) wherein Rts and R™ are defined above- 

4) 



10 



Rl7' 
T-L-C— Ul7 



I 



15 



so 



25 



30 



I 



35 



40 



45 



50 



GO 
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wherein: 

^ Y, RH, and n are defined above, and 
" R 17 Is 
a) hydrogen; 

bj aryiunsubstltuted or substituted with one or more of 
I) naJo, 

nj -OR, wherein R Is H or Ci-4 alkyl. 
0 

-COR. 
iv) 
0 

-CNR 2 , 
v)-CH 2 NR 2l 
vI)-S0 2 NR 2( 
viI)-NF£ 

0 

-NHCR. 
Ix) CwalkyI, 
x) phenyl, 
xI)-CF 3 . 
xii) 

R 

- K-S0 2 R, 
xili)-Ci^alkyf-NR 2i 

xlv) -OP(0)(OR x ) 2 wherein RxIsHor aryl. or 
•xv) 

0 

Tfi^ 4 ^ subst,tutedwith one or more of amine or quaternary amine • 
?h2? ° CyC,e,Uns ubs ^ ted orsubstltirtedwlthoneormoreof 
g -OR, wherein R Is H, Ci^ alkyl, or C w alkenyl, 
o 

-COR. 
0 

-CNR 2 . 

V) -CH 2 NR 2f 

VI) -S0 2 NR 2t 
vn)-NR 2( 
vifl) 

0 

-NHCR, 

lx)Ci-4aIkyf, 

x) phenyl, 

xJ)-CF 3 . 
xJf) 

R 

- N-S0 2 R. 

xBI) phenyl Ci-4alkyl, 
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xiv) 
0 

-OCR, 

xv) -OP(0)(ORx)2 wherein R x Is H or aryl, or 
xvi) 

S 5 
-O- c -C1-4 alkyl substituted with one or more amine or quaternary amine • 

d) A 5- to 7-membered carbocycllc or 7- to 10-membered blcyclic carbocycllc ring which Is either 
saturated or unsaturated, the carbocycllc ring being unsubstltuted or substituted with one or more of 
I; halo, 

0) -OR. wherein R Is H or C1-4 alkyl. 10 
fii) 
o 

-COR, , 

0 15 

-CNR 2 , 
V)-CH 2 NR 2 , 
vi)-S0 2 NR 2 , 
vH)-NR 2 , 

vffl) * SO 

\ 

-NHCR, 

ix) Cw alkyl. 

x) phenyl, . 
xI)-CF 3 . 25 
xlf) 

R 

-N-S0 2 R ( 

x!II) -OP(0)(ORj2 wherein R* Is H or aryl, or „ 
xlv) 30 
0 

-O- c -C1-4 alkyl substituted with one or more of amine or quaternary amine ; 
or pharmaceutical^ acceptable salts thereof. 

2. The compounds of Claim 1 wherein B is Independently present twice and Z Is O. 35 

3. The compounds of Claim 2 wherein J Is NH 2 , and Q Is 



40 



45 

4. The compounds of Claim 2 wherein J Is NH 2( and Q Is 





SO 



5.1hecompoundsofaaIm2wherelnJteNH2,andQls 55 
H 

V 60 

Ah 



6. The compounds of Claim 1 wherein B Is present once and 2 Is 0. 

7. The compounds of Claim 6 wherein Q Is 
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F 9 

H ^ CH 
OH 

8. The compounds of Claim 6 wherein Q Is 

9- Tha compounds of Claim 6 wherein Q Is 

H . 

OH 

10. The compounds of Claim 1 wherein Bis always absent 

11 . The compounds of Claim 10 wherein Q Is 



R9 

H CH 
I 

OH 



12. The compounds of Claim 10 wherein Q Is 
X ^ CH 2 



I 

w 



13. The compounds of Claim 10 wherein Q Is 
H 

OH 

14. Trie compounds of Claim 1 wherein Q Is: 

OH H 1 * NH R 9 

ir o 

15. Compounds of Claim 1 wherein G Is: • 
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OH R f KH, R» 



and B Is absent or present once. 
16. Compounds of Claim 1 wherein G is 



or 



B Is absent or present once; and 




17. Compounds of Claim 1 wherein: 
A Is 

o 

R 1 - c - or f^-SOsr, with the proviso that R 1 is not aryl when attached to S ; 
GIs: 



OH R 9 




NH 2 if 



R v O 

B is absent or present once; and 




J is -NH — — < 



Rl7 
f 

-c 



18. NMU^Imethylethylaminocarbonv^^^ 
noyMeucyl-phenyf alanyiamide, or pharmaceutlcafly acceptable salt thereof. 

19 N'-(2£K«methyIpropanc^K(S)^^^ 
phenylalanylamlde, or pharmaceutical^ acceptable salt thereof. 

20. ^2-thienoyO^(S)airtno^(S^^ 
lamtde, or pharmaceutlcally acceptable salt thereof. 

21. NX3^methyIbutanoylK(S)Hai^^ 
phenyiatanylamf de, or pharmaceutical^ acceptable salt thereof. 

22. NM3-pheny1propanoyO^(S)<mrtno^^ 
phenytalanylamlde, or pharmaceutical^ acceptable salt thereof. 

23. N^enzyl-NMsucdnoyi)^ Isoteucyl 
amide; 

N^2(R)-hydroxy-1 (S)^danyO-^ 
thyljhexanamlde; 

N-(2(R)*ydroxy-1(SHndaLnyQ-^ 
thyl)hexanamlde; • 
N-(2{R)4wdroxy-1(SHndanyl)^^ 
rtyf-2(R)-(phenytmethyl)hexanamIde, 
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Wan^a^ 

or pharmaceutlcalfy acceptable salts thereof. . • 

■ JS^KKJiSSS 1 " 23 ' ' n COmWnat, ° n ^ ° f *• ^nomodubtors. 
iS2KSS fc- C ° mP0Slt,0n COmPriS,n9 1,16 C ° mP0UndS * Cla,ms ^ «» a Pharmaceutlcally 

hfa^ ^j^ 06 ^? 1 °° m P oSiilon of Oa"" 25. ^ use In the treatment of AIDS, In the prevention of 
Infection by HIV.In the treatment of Infection by HIV. or In theJnhlbltlon of HIV protease Prevention of 

inf^ E^Tf """P 08 "" 0 " * Ca"" 26. for use In the treatment of AIDS, In the prevention of 
Infection by HIV In the treatment of Infection by HIV. or In the Inhibition of HIV protease prevenMon of 

trSCA| U DS * C ° mP0Und ° f "* ^ ° f CW,n * ^ f0f "* P re P araUon °' a medicament useful for 
treaWn^AIDl. 0 ' * C ° mbinat '° n accord,n 3 to C,alm «• for *• preparation of a medicament useful for 

SSEn^ anJf "* °' fW the Preparatf0 " - a «— - 

pr^nX^n " ^ ^ 24 *» *• preparatton °< a — — « 

^Mq'SSSS H^™' "* ^ ° f 1 * f0f «" Preparat,0n * « »—»«« 
trSClrSS rT bfnat,0n " ^ h ^ 24 fOT tha Preparafl0n ° f a "»*■— useft " *» 

.i^s^sxi^ ,n "* one of cWms 1-23 for * e preparat,on 01 a med,cament 
i^sfi£r* h-taB 88 ^ h c,a,m 24 for *• preparauon ° f a med,cam8nt *» 

Claims for the following Contracting States: ES f GR * 

wherein A Is 
D 

o 

FP-c- wherein Ft* Is 

a) C t ^ alkyl either unsubstltuted or substituted wfth one ormore of 
i) alkyl; 
fi) hydroxy; 
HI) carboxy; 

vj'arnlnoT 8 ™'" ^ " F * ^ *' " ' *' eXC6Pt "° ^ 0 " Ca * 0n accent to carbonyl; 

vl) C1-3 alkoxycarbonyt; 
vli)Ci- 3 aIkoxy; 
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are attached; 
bc)-NR*R3; 
x)-N-p-R« wherein, 
R 

R Is hydrogen or C1-4 alkyl, 
Pis 

0 S 0 NH 

-4'-. 4-. -«-. 
I 

and 

R 4 Is H, C1-3 alkyl, C1-4 alkoxy, or NR 2 R 3 ; 1 
xl) C3.7 cycloalkyl or Ce-10 aryl; 

xfl) 5 or 6 membered heterocycle. unsubstftuted or substituted with OH, NH or C1-4 alkyl; 
xfii) aryl of 6-10 carbon atoms, either unsubstltuted or substituted with one or more of 

(a) halo, 

(b) hydroxy, 

(c) C1-3 alkoxy, 

(d) Ci- 3 alkyl, 

(e) -NR2, wherein R Is defined above, 

(f) 
0 

-COR, 

(g) 
0 

-CNR 2 . 
(h)-S0 2 NR 2 . 
(I) -CH2NR2, 
(I) 

0 
n 

-N-CR, 

1 

R 
or 

(k)-NS0 2 R; 
xivJ-OSiR3(R2)2 

b) aryl of 6-10 carbon atoms, either unsubstltuted or substituted with one or more of 

I) Ct-4alkyl f 

II) C1-3 alkoxy, 
Hi) hydroxy, or 
Iv) halo; 
v)-NR 2 . 

vt) 

-COR, 
vfl) 
0 

- CNR2, 

v»I)-S0 2 NR2, 

ix)-CH 2 NR 2( f 
x) 



-HCR, 
1 

R 
or 

xl)-HS02R; 
r 
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. c)5or6memberedheterocyde; 
2) H'-SCte-, except FP Is noraiyl, 

R 1 -N-S0 2 -, 
R5 

wherein 

4) ' I 

0 I 

, n 
Rl-N-C-; 

is 

? • * " 

R1-S-C-; 

6) wherein q Is 1 or 2; 

GIs 

H 2 h n 1 * 



wherein 2 Is O, S, or HH, and 
R 9 Is Independently 
1) hydrogen; 
2) 



ill 



r 

4-c--k 11 
iio 



3) -OR, wherein R Is H, or C1-4 aJkvl 

4) -NR 2 . 

5) -Ci-4 a!ky!ene-Rii; 

- wherein n Is 0-5 and R 10 Is Independently 

a) hydrogen, 

b) hydroxy, or 

c) Ci-4-aJky!; 
R"ls 

a) hydrogen, 

" b) I aryl, unsubstltuted or substituted with one or more of 
I) halo, 
BJ hydroxy, 

JO -NH 2i -N0 2 . -NHR, or -NR2 wherein R Is H, or C,_4 alky! 
iv) C1-4 alkyl, J 
vJCi-aalkoxy, 
vi)-COOR, 
vfl) 
o 

-CNR 2 , 

vffl)-CH 2 NR 2f 

Ix) 

0 

-CH 2 NHc R, 



64 



EP 0356 223 A2 

x) CN, 

xIJCFs, 

xli) 

o 

-NHC R ( 
t xlilJarylCi-aalkoxy, 
xfv) aryl, 
xv)-NRS0 2 R, 

xvj) -OP(0)(OR J2 wherein Rx Is H or aryl, or 
xvfl) 
0 

-O- c -Ci-4 alkyl substituted with one or more of amine or quaternary amine; 

c) 5 or 6 membered heterocycle Including up to 3 heteroaioms selected from N, O, and S. any of which 
heterocycle may be unsubstftuted or substituted with one or more of 

I) halo, 

II) hydroxy, 
ilI)-NH 2 ,-NHR,-NR 2 , 
Iv) Cm alkyl, 

v) Ci-a alkoxy, 
vlJ-COOR, 
vif) 
0 

-CNR 2) 
vUI)-CH 2 NR2, 
bcJ-NHfR, 
o 

x)-CN. 
xI)CF 3 , 
xil) -NHS0 2 R, 

xIH) -OP(O) (ORx)2 wherein R x Is H or aryl, or 
xlv) 

o 
0 

-O- c -C1-4 alkyl substituted with one or more of amine or quaternary amine ; 

d) C1-6 alkyl or Ci-6 alkenyi, unsubstltuted or substituted with one or more of 

I) hydroxy, 

li)Ci-4a!kyl ( 

HI) -NH2, -NHR, -NR2, 

M 

NH 
-NHCH , 
v) 

NH 

-NH- C- NH 2 . 
vO -COOH, 
vif) 
0 

-COR. 

vilO-SRorarylthlo, 

Ix)-S0 2 NHR, ' 

x) C1-4 alkyl sulfonyl amino or aryl sulfonyl amino, 

xIJ-CONHR, 

xfl) 

0 

-nhS r. 

x!II)-OR I 
xtv) aryl C1-3 alkoxy, or, 
xv) aryl; 

e) Ga-7 cycloatkyf unsubstltuted or substituted with one or more of 

I) hydroxy, 

liJCwalkyl, 

III) -NH2, -NHR, -NHR 2| 

»v) 

NH 

-NH-CH . 
V) 
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NE 

-NH--C- NHa, 
" viJ-COOH, 

vn) 
o 

- C-OR, 
Vfii)-SR, 
lx)-S0 2 NH 2( 

x) alky! sulfonytamlno orajyf sufforwlamlno 

xl)-CONHR.or 

xl!) 

0 

-NHcR; 



I) halo 

fi) -OR. wherein R Is H or C1-4 alkyl. 
Hi) 
0 

-COR, 

M . • 

0 

~CNR 2 , 
v)-CH 2 NR 2f 

vf) -SO2NR2 or -S(0) y R wherein y Is 0. 1. or2* 

vil) -NR 2 , 

vffi) 

0 

-NHcR, 
be) C1-4 alkyl, 

x) phenyl, 

xi) -CF 3f or 
xll) 

K 

' N-SO2R; 

0 * 

- c H, -C 1-4-alkyl or -COOR : and 
®fs 

2 SSSJ 0 ""^ 8ltherunsubsWuted or substituted with one or more of 

b) hydroxy, 

c) -NR 2< 

d) -COOR, 

e) CONHR, 

f) -NHS0 2 R, 
9) 

0 

-NHCR, 
h)aryl ( 

0 aryl substituted with Cm alkyl 
* j)heterocyc!e,or 

k) heterocycle substituted with C H altyl; 

ejtyd^^ 
W-OR, 

c) -NHR«, 

d) -COOR, 
e) 

0 

-cNR 2 .or 
0 

0 

-NHCR; or 
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3) 5 to 7-membered heterocycle, any of which heterocycle may be unsubstltuted or substituted with one 
or more of 

I) halo. 

II) hydroxy, 

III) NR 2 ,or 

IvJCw alkyl; 5 
' Qls 

In MHH" « OH 

wherein R» and R 13 are defined above; X Is 0, S, or NH: and 
Wis 

1) GH, 15 

2) NH 2 . 

3) OR, or 

4) NHR; 

B Is, Independently, absent, or „ 




25 
J Is 

1)YRi< wherein; 
YlsOorNH,and 
Ri<is 

a) H; 30 

b) Ci-e alkyl, unsubstltuted or substituted with one or more of 
O-NR*. 

ii)-OR. 

Hi) -NHSO2C1-4 alkyl, n 
Iv) -NHS0 2 aryl, or -NHSO2 (dlalkylamlnoaryl), 
v)-CH 2 OR, 
vl)-Ci-4 alkyl, 
vfl) 
0 

-•COR, 
vilf) 
0 

-CNR 2 , 
lx) 



45 



x) 

0 

-nh5r, 

xl) 

-NSO2CH3 , 
^OH 

xfl) 



NR 2 ; -NH ^_^-NR 2 , 



X CN SO 



55 
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xlfl) -NR 3 0 A e whereIn A e Isacounterlon. 

xv)aryl, 
xvI)-CH0, 

xvfl) -OP(0)(ORJ 2 wherein RkIsH oraryl, or 



xvffl) 

0 

I 



2J-N(RU) 2 ; ' ' 

3) -NR18R16 wherein R« and R« are defined atxjva; 



Rl7 
I 

Y~f~C— 
414 



-Rl7 



n 



wherein: 

Y, R 14 , and n are defined above, and 
R"fs 

a) hydrogen; 

b) aryl unsubstltuted or substituted with one or more of 
QhaJo, 

«) -OR, wherein R Is H or C1-4 alkyl, 

III) 

0 
0 

-COR, 
0 

-CNR 2f 

V)-CH 2 NR 2 . 

vI)-S0 2 NR 2( 

vII)-NR* t 

vflf) 

o 

-NHCR, 
be) C1-4 alkyl, 

x) phenyl, 

xi) -CF 3 , 
xll) 

R 

-K-S0 2 R, 

xffl) -Ci-4alkyf-NR 2 . 

xlv) -OPfOJtORxJa wherein R x IsH orarvl. or 
xv) 

0 

^ft^ 1-4 ^ sub f tItutedwi ' tnone ormore of amine or quaternary amine; 
c) heterocycle, unsubstltuted or substituted with one or more of 
l) halo. 

If) -OR, wherein RIsH, C1-4 alkyl, or Ch aBcenyl, 
0 

--COR. 
fv) 
0 

•CNR 2t 

v) -CH 2 NR 2i 

vi) ^S02NR 2l 
vH)-NR 2 , 
vtif) 
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o 

-NHcR. 
lx)Ci-4 alkyl, 
x) phenyl, 
xiJ-CFa. 
xll) 
• R 

-K-SOaR, 

xllf) phenyl C1-4 alkyl, 
xtv) 
o 

-OCR, 

xv) -OP(0)(ORj2 wherein R x Is H or aryl, or 

xvi) . 

S 

-O- C -Ct-4 alkyl substituted with one or more amine or quaternary amine ; 

d) A 5- to 7-membered carbocycllc or 7- to 10-membered blcycDc carbocycllc ring which Is either 
saturated or unsaturated, the carbocycllc ring being unsubstituted or substituted with one or more of 

I) halo, 

II) -OR, wherein R Is H or C1-4 alkyl, 

III) * - 
0 

-COR, 

-CNR 2 . 2 

v)-CH 2 NR 2f 

vl)^0 2 NR2, 

vil)-NR2. 

viii) o 3Q 

-NHCR, 
be) Ch alkyl, 
x) phenyl, 

Xl)-CF 3 , 35 
xiO 
R 

-rr-SOzR, 

xlii) -OP(0)(ORx)2 wherein Rx Is H or aryl, or 

xiv) . 4Q 

o 

-O- c -C1-4 alkyl substituted with one or more of amine or quaternary amine; 
or pharmaceutical acceptable salts thereof, 
said process being characterized by 

a) forming the desired Q component duty protected on its amine group; 45 

b) coupling on to the carboxy terminal end of said protected Q component the other components B (If 
present) and/or J, either one by one or together, each component being duly protected when necessary 
by protecting groups which are adequate to both the particular coupling conditions and the amtnoacld 
components and analogs thereof Involved In the synthesis, by forming amide bonds by any coupling 
methodofelthersolution-phaseorsoild-phasepeptidesynthesls; so 

c) removing the amine protecting group originally contained In the G component and adding the amine 
protecting group not useful or commonly employed In peptide synthesis (A) by reaction of the amine 
obtained with the desired A-derfvative; and 

d) removing any additional protecting group which could be present If desired, or If necessary. 

2. The process of Claim 1 wherein B Is Independently present twice and Z Is O. 55 

3. The process of Claim 2 wherein J Is NH2, and Q Is 



1^ 
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4. The process of Claim 2 wherein J Is Nhfe, and Q Is 



X 

4 



6. The process of Claim 2 wherein J Is Nffe, and Q Is 
H < 

6. The process of Claim 1 wherein B Is present once andZ Is O. 

7. The process of Claim 6 wherein Q Is 



H 

i x 
OH 



R9 
i 

CH 



8. The process of Claim 6 wherein Q Is 



X 
ii 



- CHo 



w- 



9. The process of Claim 6 wherein Q Is 

H 

/ 

OH 



10. The process of Claim 1 wherein B Is always absent 

11. The process of Claim 10 wherein Q Is 



H 
I 

OH 



R9 

I 

CH 
\ 



12. The process of Claim 10 wherein Q Is 



X ^CH 2 

I 

w 
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13. The process of Claim 10 wherein Q Is 



H 

OH 



14. The process of Claim 1 wherein G fs: 



OH P f 



R* 0 R f O 

15. The process of Claim 1 wherein Q Is: 



and 



and B Is absent or present once. 
16. The process of Claim 1 wherein Q Is 




KH a R f 




-NH^^x^^ or -NH 

f ° r 

B Is absent or present once; and 

J is -NH— f--C R 17 

] A"} 

n • 

17. The process of Claim 1 wherein: 
Als 

? 

R'-c -orRi-S02-,wlththe proviso that R< Is notary! when attached toS: 
G Is: 



B Is absent or present once; and 



J is -NH — 



Rl7 



-Rl7 
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lHI5 e p f ocess of dafm 1 - whereIn the compound obtained Is ^-(1,1-<flmethyIethv!arnlnocarbo- 
19. The process of claim 1. wherein the compound obtained is W&&dlme!hytorapanoy^ 

^SS^t 0f ? teIm A wher8ln « s «nPO«««* obtained Is NM2-tWer«yO^(S)amlno^(S)-hydrox^ 
tSSt WWP henylme,hy,, hexanoyHeucyHAenytalanytarnlda. or pharmTceuBcW acSptabte sdt 

JoC ?!2 proc ®^ of 1. wherein the compound obtained Is N'^3.3<llmethyIbutanoyn-6fSl-arnlno. 
- ^ ^ pro ° es f of clalm 1 - wherein the compound obtained Is N'-(3-phenytpropanovl)-5(SI-amlno- 
^ ™. pro ? eS8 01 c,atal 1 ' wherein the compound obtained Is selected frwn-N-tenzvi-N'-raucei. 

or pharmaceutical^ acceptable salts thereof. 
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